Abstract: A new method was developed for the synthesis of novel Schiff bases containing the anthraquinone moiety using dodecatungstosilicic acid/P 2 O 5 under solvent-free conditions at room temperature. The reaction was completed in 1-3 minutes with excellent yields. This method was found to be very efficient, easy and hazardous-free for the synthesis of azomethines. The development of these types of methodologies in synthetic chemistry may contribute to green chemistry. The structures of synthesized novel Schiff bases were elucidated using 1 H-NMR, 13 C-NMR, LC-MS, FTIR and CHN analysis.
INTRODUCTION
Schiff bases, a versatile class of organic compounds synthesized by the condensation of primary amines with aromatic carbonyl compounds, bear many pharmaceutical properties, including anticancer, antitumor, antibacterial, antifungal, antioxidant, herbicidal, antiproliferative, antimalarial and anticovulsant activities. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Schiff bases act as ligands in coordination chemistry 17 and are considered a subject of interest due to their industrial and biological applications. 18 Similarly 9,10-anthracenediones are a very important class of compounds having some remarkable in vivo biological activities, such as antibacterial, antifungal, antimalarial, antioxidant, antileukemic, hypotensive, mutagenic functions, and analgesic activity. [19] [20] [21] [22] [23] [24] [25] [26] [27] Moreover, in the recent era, the use environmentally benign, facile and low costing method for the synthesis of biologically active compounds has received 34 In view of the above facts, results concerning the syntheses of novel Schiff bases using dodecatungstosilicic acid/P 2 O 5 as a catalyst are reported herein. The employed method was found to be very efficient and environmentally friendly.
EXPERIMENTAL
Melting points were measured in open glass capillaries using a Gallenkamp MF-370 melting point apparatus. The IR spectra were recorded on a Nicolet Avatar 300 DTGS instrument. The 1 H-and 13 C-NMR were recorded on Bruker A V-300 instrument operating at 300 and 75 MHz, respectively, using deuterated dimethyl sulfoxide (DMSO-d 6 ) as the solvent and trimethylsilane (TMS) as an internal standard. The mass spectra were recorded on a Finnigan LCQ Advantage Max instrument. The CHN analyses were realized on a Carlo Erba instrument -Mod-1106. The purity of the products were determined by TLC using silica gel 60F 254 precoated cards (0.2 mm thickness) and visualized under UV light (254 and 366 nm) and by iodine vapors. All chemicals were of AR grade. Analytical and spectral data for the synthesized compounds are given in the Supplementary material.
General method for the synthesis of Schiff bases 1-25
A mixture of 1-aminoanthraquinone (1 mmol), a substituted aromatic aldehyde or ketone (1 mmol) and dodecatungstosilicic acid/P 2 O 5 (0.2 g, 1 mol % of 1-aminoanthraquinone/P 2 O 5 ) as a catalyst was ground in a mortar with a pestle under solvent-free conditions at room temperature for 1-3 min, Scheme 1. The reaction mixture turned to a pasty material that indicated the completion of the reaction. Crushed ice was added to afford precipitates of the Schiff bases. In order to remove the catalyst, the product was washed several times with icecold water. The solid products were obtained in excellent yield.
RESULTS AND DISCUSSION
The aim of this work was to develop a new facile method for the preparation of Schiff bases. To the best of our knowledge and a literature search, the synthesis of novel Schiff bases using dodecatungstosilicic acid/P 2 O 5 has not been previously reported.
An efficient methodology was established using an acidic catalyst for the synthesis of novel Schiff bases by the condensation of 1-aminoanthraquinone with aromatic carbonyl compounds under solvent free conditions at room temperature. The reactions were completed in 1-3 minutes and the products were obtained in high yield after simple work-up (Table I ). In order to develop optimum conditions for this synthesis, varying amounts of dodecatungstosilicic acid/P 2 O 5 were used using 4-hydroxybenzaldehyde and 1-aminoanthraquinone under solvent-free conditions at room temperature as a model reaction (Table II) . The method is very simple and contributes to the hazardous-free synthesis. The catalyst dodecatungstosilicic acid/P 2 O 5 was found to be very efficient compared to other catalysts used for the synthesis of imines (Table III) . Moreover, the structures of the products were elucidated by LC-MS, 1 H-NMR, 13 C-NMR, IR, and CHN analysis. The 1 H-NMR spectra of all the compounds was quite simple and the azomethine group (-N=CH-Ar) of all the synthesized Schiff bases was found in the region of 7.4-8. peared as a multiplet in the region of 6.74-7.90 ppm depending on the aromatic substituent. In IR spectrum, -N=C-appears in the region 1511-1545 cm -1 . 
CONCLUSION
Based of the excellent yields, short reaction time, easy work-up, solvent-free facile and environment greener reaction, it could be concluded that dodecatungstosilicic acid/P 2 O 5 is a very useful catalyst for the synthesis of Schiff bases. 
